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Abstract 
We use statistical data to identify the problems that appear to be difficult with students in a problem-solving contest counting 
9,580 participants from grades 2 and 3. Our analysis considers the level of complexity of the reading and problem-solving 
processes, as well as the diversity of the forms the information is conveyed by. We found the students’ inability to control a 
variety of information displays, with impact in problem solving. These results bring about a relevant starting point for further 
training in problem posing and solving within real-life contexts.  
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1. Introduction 
The results in reading literacy achievement at the end of primary school, as revealed in the PIRLS 2011, place 
Romanian students at the international average with an average scale score of 502 (Mullis, Martin, Foy, & Drucker, 
2012). Similar achievements were obtained in the math achievement in TIMSS 2011 with an average scale score of 
484 for the Romanian grade 4 students (Mullis, Martin, Foy, & Arora, 2012). Nevertheless, Romania scores low in 
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reading among the EU nations who participated in PIRLS. Malta is the only EU country the PIRLS scores of which 
are lower than Romania’s, and only five European countries scored less than Romania in the last TIMSS study. 
Since TIMSS shows unsatisfactory results and PIRLS reveals that Romanian students have difficulties in 
decoding written messages, we try to see if specific handling of information throughout the reading process could 
influence the math scores. Our paper is focused on better understanding the source of the students’ difficulties in a 
problem-solving context. To this aim we analyze statistical data from grades 2 and 3 students who process 
information from a variety of sources in order to solve problems in the Exploring Kangaroo Contest. 
This test includes a set of 6 images that contain relevant “chunks of information” (Miller, 1956) which come in 
various forms: verbal text, comic strips, graphic organizers, tables etc. The participants should correlate information 
from this variety of data supports, and answer 24 questions in grade 2 and 30 questions in grade 3.  
Most often, in problem-solving situations, information is displayed on a single type of support, in a linear 
presentation. The Exploring Kangaroo items we selected share the following feature: the sources of information are 
presented in multi-layered and varied forms. Consequently, we started from the following research question: Are 
there any forms of information display that make some questions more difficult than others?
2. Method 
2.1. Sample and data  
Our study looks into the results of the participants in the Exploring Kangaroo Contest 2014. This test challenges 
students in the primary grades with integrated topics as well as concepts from a variety of school subjects (mother 
tongue, math, science, civics) that get combined within applied problems which mirror real-life situations. The 
questions are generated in the framework of a problem situation, a project or a story. In this respect, the Exploring 
Kangaroo is a highly innovative test in terms of organization since it focuses a transdisciplinary approach to 
meaningful assessment. The sample we work with is a total of 4,300 students in grade 2 and 5,280 students in grade 
3, who come from 344 primary schools from all over Romania. The students registered in the Exploring Kangaroo 
on a voluntary basis and it is likely that the most motivated children participated in the contest. The Kangaroo items 
are multiple-choice questions, with one correct answer and four distracters.  
2.2. Components of an item 
In general, the text of a question contains: a background theme, data, operators (or operating schemes), 
constraints over the data and the operators, and constraints that involve at least one unknown value of a parameter 
(Singer & Voica, 2013; Voica & Singer, 2013). The background theme represents, briefly said, what the problem is 
about. The background theme is characterized by one or more parameters. The data are (numerical, verbal, or visual) 
values associated to these parameters. The operating schemes are actions suggested by the text. The constraints 
imposed on the data and the operators are restrictions that state the relations of the background theme with the data 
and the operating schemes. 
3. Results and discussion  
In this paper we analyze the data according to the rate of the correct answers, the distribution of the answers for 
the various distracters, and the components of the test questions. 
3.1. Construct validity 
We used a statistical database to obtain information on the students’ results. Since our sample was shaped by the 
students’ voluntary registering in the contest, the legitimate question is: Could this analysis be valid? Figure 1 shows 
the overall performance of the participants in the Exploring Kangaroo Contest 2014 for Grade 2 and Grade 3 
respectively. We notice a normal distribution of these results in the high achieving band (we can see a curve – 
shaped Gaussian bell). At the lower half of the scores, the pattern is somehow irregular and it is understandable if 
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we analyze the difficulty level of the items. For the Kangaroo sample we can explain this pattern by the voluntary 
participation in a contest that is likely to attract high achieving and motivated students. 
Fig. 1. Overall performance in grades 2 and 3. (The horizontal axis indicates the number of questions that are correctly solved.) 
3.2. Global distribution of answers 
When analyzing the data we tried to find explanations for the irregular occurrences in the statistical pattern. We 
focused our analysis on the form of the information display or the reading support (image, verbal text, comic strips, 
table, numerical data, and graphic organizer). Within the test structure, these supports are integrated in a variety of 
ways; consequently, the answer is determined by the selection of the information from several supports. We will 
explore to what extent the correlation of the various supports could influence the correct answers. We measure the 
level of difficulty through the percentage of correct answers within our samples; more precisely, a more difficult 
question has a lower score of correct responses. Thus, we capture the perception of the target group through an 
objective parameter. 
Table 1 below shows the overall results that vary according to the reading support.  
Code Reading support 
Grade 2 Grade 3 
No. of items that use this 
reading support
Mean of correct 
answers 
No. of  items that use this 
reading support
Mean of correct 
answers
S1 Image 9 7.27/80.8% 11 8.62/ 78.4% 
S2 Verbal text   11 8.33/ 75.7% 15 11.06/ 73.7% 
S3 Comic strips 8 6.21/ 77.7% 5 4.46/ 89.3% 
S4 Table 2 1.40/ 69.8% 
S5 Numerical data 7 5.01/ 71.5% 
S6 Graphic organizer 2 1.01/ 50.2% 
Table.1. Grades 2 and 3 overall results according to the reading support. 
The table above gives the distribution of the categories of reading support throughout the test and the 
correspondent success rate. In order to answer some items, the students have to process information that is displayed 
on two (or even more) reading supports; this is why the total number of items in the table differs from the number of 
items in the actual test.  
We notice that, in grade 2, the image allows the highest percent of correct answers (80.8%), while the lowest rate 
is recorded when students have to process information from tables. In grade 3, comic strips allow a very high 
percent of correct answers (89.3%), while the lowest percent came from solving problems that involve graphic 
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3.3. Specific-item analysis 
We analyze how students correlate various information supports in order to answer the questions. In this respect, 
two categories of competences are needed in the Exploring Kangaroo test: the ones that regard the reading process 
and the ones that refer to problem solving. This is why we discuss two parameters in the analysis of each item. We 
then further correlate these with the types of reading support. The two parameters are: the complexity of the reading 
process (with the following stages of increasing complexity: identifying explicit information; inferring simple 
conclusions; interpreting; and evaluating); and the complexity of the problem solving process (with the following 
stages of increasing complexity: making use of a given procedure; correlating reasoning steps; identifying strategies; 
and extrapolation/ transfer). We focus our discussion on the scores that were obtained for some specific items. 
For the grade 2 test, we analyze the following items (6 and 7) that require the information supports in Fig. 2: 
Fig.2. The information supports in items 6 and 7 (grade 2). 
Item 6: Analyze the table in the image. How many aluminium cans have the children collected in the park?  
Item 7: What are the names of the children who are talking? 
Item 6 requires the inferring of a simple conclusion (from the point of view of the reading process) and 
correlating reasoning steps (in terms of the problem solving process). In order to answer Item 6, the student has to 
understand the meaning of the data in the table and to add some numbers. The correct answer was given by 74.2% 
of the participants. Item 7 requires the evaluation of information and extrapolation/ transfer. In extra, in order to 
solve the item, students need to correlate comic strips and table data. The success rate is 65.5%.  
An important point to notice here is that the PIRLS specific results referring to the comprehension of diagrams 
and tables in the released items 2011 (Mullis et al., 2012) show a value of around 20% of correct answers. We can 
conclude that some particular comprehension issues persist even in motivated students. In both the PIRLS items and 
in the Kangaroo items discussed above, the multi-layered combined reading support seems to confuse students. 
Is the lower percent of correct answers in item 7, as compared to the results in item 6, influenced by the higher 
complexity of the reading and problem solving processes or is it the combination of the information supports that 
makes the difference?  In order to answer this question, we analyze the results in items 26, 27, 28 from the grade 3 
test. These items have the reading support in Fig. 3 and the respective questions are the following: 
Item 26: Which is the card Maria has bought? 
Item 27: What image is on the card received by Dana? 
Item 28.Which is the card that Mihai has received? 
For each of these items, the possible answers (correct + distracters) are the same: A. a swan; B. a deer; C. a bear; 
D. a squirrel; E. a kangaroo. 
In all these items, the background theme refers to postcards. The operating schemes refer to the buying and 
offering of cards, which are explicitly stated in the information support. The parameters are: the number of children, 
the number of postcards each has bought, the number of identical or different postcards. The numerical data is 6 (= 
number of children). There are various constraints imposed to the data and operators: each student has bought one 
Aluminium cans Paper trash Empty plastic bottles 
Elena 6 10 7
Iulian 8 5 7
Vlad 5 6 2
Bogdan 2 6 5
Bianca 3 8 5
Radu 5 4 4
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postcard and received one; two children have bought identical postcards; none received a postcard that is identical to 
the one s/he bought. The solution to the problem depends primarily on the understanding of the constraints. 
Fig.3. The multi-layered information support for items 26-28. 
Item 26 (“Which is the card Maria has bought?”) has a rather high score of correct answers: 83.3%. Distracter B 
(selected by 11.1%) is plausible by the confusion „the card Maria receives” and „the card Maria buys”. The students 
who chose B looked for the relevant information: they found Maria’s name on the image but did not pay attention to 
the entire message (including the verbal explanations).  
Item 27 (“What image is on the card received by Dana?”) has a success rate of 41.8%, while distracter B records 
43.4%. In this case the relevant information is given by the text and image. More precisely: the verbal text contains 
the information “the cards received by Ion and Dana have the same image”, and the images and the caption show 
that Ion received a card with a bear. The selection of distracter B by 43.4% of the participants is given by the 
confusion between “to buy” and “to receive”. These students read the text, found the information “Dana bought the 
card with the fawn”, yet failed to notice the difference between she bought/ vs./ she received.
We note the same confusion between “to buy” and “to receive” in both items 26 and 27. There is nevertheless a 
major difference in the correct scores for these items (83.3% vs. 41.8%). How could we explain such a difference? 
A possible explanation follows.  
In item 26, the information is presented in the captions of the images. In item 27, the relevant information must 
be inferred from the text and should be correlated with the images and the respective captions. Consequently, in item 
27 the relevant information is given through varied reading supports. The student needs to master the reading of a 
multi-layered text. 
Item 28 (“Which is the card Mihai received?”) has a correct rate of only 20.8%. Distracter D (a squirrel) was 
selected by 55.9% of the students. Why? The verbal text gives the following item of information: „Mihai bought the 
card with the squirrel”. The students fail again to understand the message and cannot notice the opposite situation 
between to buy versus to receive.
How could a student get to the correct answer? S/he has to cross over the next steps: organization of data (which 
in this case involves a table with two lines); scanning the data sources (text and images with captions); logic, i.e. 
filter and reduce possibilities. 
We notice that in item 28, besides the combination of forms for the information presentation, the problem-solving 
process is also more complex. Actually the scanning among the various reading supports (which enhances an 
evaluation and transfer of the reading data) is consonant with the complex processing that is involved in problem 
solving. 
Received by Maria 
Received by Ion 
Received by Ana 
Received by Gelu 
Bought by Maria Mihai, Dana, Ion, Maria, Ana and Gelu have also 
visited the zoo. Each has bought a postcard: Ion 
has bought the card with the kangaroo, Dana the 
one with the fawn, Mihai the one with the 
squirrel, Ana and Gelu have each bought one 
with a bear. Then they exchanged the cards. 
Each received a different card from the one they 
bought, but the cards received by Ion and Dana 
include the same picture.  
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We consider that, mainly with young students, the visual support facilitates understanding or at least the intuition 
of  concepts  and  phenomena.  In  some  of  the  items  we  analyzed,  the  image  misleads  students  when  the  distracter  
plays with various forms for the presentation of information.  
In order to argue this statement we analyze the results in the following item (i.e. item 30, grade 3): 
Item 30: Each card costs 2 lei [lei is the Romanian currency]. How much have the children paid for the cards they bought?  
               A. 2 lei; B. 4 lei; C. 10 lei; D. 12 lei; E. 20 lei.  
This item combines a verbal explanation with a numerical answer asking for a multiplication. The question refers 
to the total sum the children spent on the cards. Apparently the problem is not difficult – the participants need to 
count the children (there are six names in the text) and multiply by 2. Nevertheless this simple operation is blurred 
by the five cards on display on the page. Consequently, instead of counting the children, 35.5% of the participants 
counted the cards and multiplied the result by 2 (distracter C). 
4. Conclusions 
This paper discusses the possible reasons that make a problem difficult for its young solvers. Our analysis 
considers, on the one hand, the level of complexity for the reading and the problem solving processes as well as the 
diversity  of  the  forms  the  information  is  conveyed  by.  The  examples  we  analyzed  show  that  the  items  where  the  
involved processes are more complex are found to be more difficult (as is the case in Item 7, grade 2, or in Item 28, 
grade 3). There are nevertheless some exceptions: item 27, grade 3 is also found to be difficult even if it requires 
only the “correlation of reasoning steps” from the point of view of problem solving. This is why one could naturally 
ask: is the difficulty of an item influenced by the complexity of the reading and problem-solving processes?  
Our statistical results lead to a negative answer. For example, a verbal-only multi-layered support such as a text – 
question – footnote (item 3, grade 3 – not presented in the above examples), was a difficult one for nearly half of the 
participants. The reading process involved was the least complex one (namely identifying explicit information) but 
the students got misled by the combination of verbal data sources on display. We come thus to the conclusion that in 
determining the difficulty of a problem, an important role is played by the variety of the information support the 
students need to work with. 
In order to decode the text, students scan information and at a certain point they select the item they consider the 
most powerful, which orient their answer. What lacks in these cases is a retrospective step, a construction of a bigger 
picture that might warn on the error possibility. Thus, students lose control over the information when sources 
multiply, or possess a certain degree of redundancy or make use of a variety of languages/ codes. That means the 
information processing stage (as proposed by Singer and Voica, 2013) seem to be superficially dealt with. Likewise, 
in terms of reading, students skip the search for meaning and are content with what they remember from a “first 
read” which compromises their chances to a deep understanding of the text (Mancas, Stoicescu, & Sarivan, 2013). 
This inability to control the information diversity has negative consequences in the present information society. If 
the teachers understand the source of the problem, they can support children to correlate distinct sources of 
information, check an item given in a certain code by transferring it into another code, review these non-linear 
procedures by optimizing the search and extracting the essence – which is a crucial ability today and more likely 
tomorrow.   
References 
Mancas, A., Stoicescu, D., Sarivan, L. (2013). The Reading Challenge (in Romanian), Bucharest: Editura Didactica si Pedagogica. 
Martin, M.O. & Mullis, I.V.S. (Eds.). (2013). TIMSS and PIRLS 2011: Relationships among reading, mathematics, and science achievement at 
the fourth grade - implications for early learning. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College. 
Miller, G. A. (1956). The magical number seven, plus or minus two: Some limits on our capacity for processing information. Psychological 
review, 101(2), 343-352. 
Mullis, I.V.S., Martin, M.O., Foy, P., & Arora, A. (2012). TIMSS 2011 International Results in Mathematics. Chestnut Hill, MA: TIMSS & 
PIRLS International Study Center, Boston College. 
Mullis, I.V.S., Martin, M.O., Foy, P., & Drucker, K.T. (2012). PIRLS 2011 International Results in Reading. Chestnut Hill, MA: TIMSS & 
PIRLS International Study Center, Boston College. 
198   Florence Mihaela Singer et al. /  Procedia - Social and Behavioral Sciences  203 ( 2015 )  192 – 198 
Singer, F. M., & Voica, C. (2013). A problem-solving conceptual framework and its implications in designing problem-posing tasks. Ed. Stud. in 
Math., 83(1), 9-26. 
Voica, C. & Singer, F. M. (2013). Problem Modification as a Tool for Detecting Cognitive Flexibility in School Children. Zentralblatt fur 
didaktik der Mathematik, 45(2), 267-279.  
